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STRUCTURE OF THE ELECTRONIC BANDS OF THE 
OD MOLECULE. PART III 
By M. C. SAST~Y 
I~ 
(Recl'i1!ed tor pl/blicatlon, ] If~t l,~, liN £) 
Plate XV 
ABSTRACT. IlctlVccn "3105 and "3295 about 36o~nes uue to the (I, I), (2, 2) and (3, 3) 
bands of the OD molecule have been measured. The s~ main branches of each of the bands 
have been identified. The combination term-difference\ have enabled the calcRlafiotl of the 
rotational constants. ThE-se agree respectively with those,;: previously determined by the author 
for the states 11'= 1, ~, 3 and v"=" l. The eonstants for J'= 3 are newly determined. 
In Parts I and II of this series of papers l the rotational structure of the bands 
(T, 0), (2, I) and (3.2) in the region '\2900 and of the (3,0) band at ..\2570 was 
reported_ The present part gives the structure of some of the bands at "\3065, 
which form the sequence D.., = o. Of these the (0, 0) band was analysed by Ishaq 2 
and while the prescnt work was in progress, Ishaq3 reported also the constants of 
the (r, I) ba1l<1. It was intended therefore to confine this work to the study of 
the (2, 2) and b, 3) bands.* However, as the overlapping of these hands with 
the structure of (I, 1) is so very great that the analysis of these would not Ill' 
quite clear unless the structure of all of these is show11, it is considered lIec,·ssar.\' 
to include in this paper the details of the assignments relating to the (I, ]) h:l1Hl 
as well, which has been worked out oy the author independently. 
The experimental work on the OD bands forming the basis of these papers 
was described in Part I. The instrument used for photographing the bands was a 
Hilger Littrow Quartz Spectrograph of the EJ type giving an average dispersion 
of 5.6 A per 111111. in the region under consideration. Although this dispersion is 
s~lall, the use of a very narrow slit and the high resolution ensured sufficient 
accuracy in measurement. On the other band, as the (2. 2) and (3. 3) hands lie in 
the tail end of the sequence where the structure is more widely open, an 
advantage is gained by using a comparatively smaller dispersion instrument, tbe 
fainter lines being thereby obtailled more easily. In fact, the analysis of the 
(3. 3) band, which occurs very faintly, is made possible on this account. The 
• A letter by Dr. Narayan also has since appeared in Current Science, Ff'h., 1941, on the 
(2, 2) band. But no data or constants have been reported. The work, it is learnt, i~ ~imed at 
tbe correlation of the OD bands with the yet unidentified Solar Wave-lengtbs. 
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exposures varied from ten minutes to four hours and the measurements are 
averages of three independent sets, made on different plates. The wave.lengths 
are considered to be correct to about 0.03 ~. U. 
RESVLTS 
The Table at the end contains a complete list of all the observed lines, extend-
ing from "-3 I05 towards the long ,,,ave·length end of the band. The measure-
ments of the other lines (towards the short wave-length end) are omitted as they 
were previously reported hy Ishaq. The intensities are visual estillJates. The last 
columns give the classification of the lim:s ill to the several branches of the bands. 
Tht six main hranches only of l'ach band have been identified; the satellite 
branches are preSl1111e<1 to he 1110stly Ilnresolved. Somc of the lines are very 
hroad 3tHl tire helieved (0 he certainly bleI1d~ of two Of mefe line:. 111 measuring 
the~e, the cross-wirc of the lIJicrotJ1eter is sd at the centre and the outer edges 
and all aruitrary division is made into two or three jines. Snch lines are indi-
cated in the Table uy asterisks. This procedurc has facilitatc(1 the working out 
of the analysis. The (n, 0) and (r, J) hands are developed particularly well and 
the branches of the latter are identified to stich high rotatioll quantum llumber as 
K = 34. The (3, 3) band is relatively faint and poorly devl'1oped; only about a 
e1m,en Itlelllhers of each of its branches l'oulclill' cletected with ccrtainty. 
The corrcctness of the identification is shown in each ease by the applicaticl1 
of tIll: l"ll1l1hinatioll I,rinciplc. TallIes (I) and (2) give the values of ~2FI'(I·::') awl 
::'~F:/,(J":l for the upper state :!~+ ill the three bands. There jscinse :lgfeelllellt 
ll(:l\\eell the~c awl the (,()lTesl,ollding ",dues for the (1,0), (;2, 1) and C", ~) hands 
respective:ly \\'hirh al e ql10ted here frOlll Part 1. The Spill doubling in the upper 
state, expected to he sllm]], is ignored. 
R I (K) -IJ I (K) = ~:!F l'(K) 
"- 3105 3149 .J195 :~>'i2 2C)lb 2963 
K ! 
! 
( I, I) (2, 2) (;1, 3' (I, 01 12, I) 1·3, 2) 
--- ---- ~---.. _-, .- --, .. - ----~-, ----
52 .7 52 ,6 51.1 47·9 
Z 88.5 85·3 87.6 S3·S 81.4 
3 121.5 119·0 II4·o 1;:1.4 117 I 114,2 
4 1;;6·3 15 2 •8 144·4 156.1 Iso.8 144'5 
5 190.2 186.1 179·4. 191.1 184.4 177·4 
·_'~·'_._~~ __ • ___ ,_.~ •• v __ .. ... ~ _______ ~ .. ..I 
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TAnr;E I (conld.) 
A 3105 3 149 3195 2f272 2Q/() 2<)63 
K 
(1. II ., \. 21 (3; 3) (1, OJ (2, /I (3.2) 
6 225·3 215.4 208.6 22~·7 21,:..·9 208.8 
7 2,;8-4 247 ·1 24u ·5 .259.8 2.\<).1 240 . 1 
8 293.6 .2H3· 1 273·5 .\;ltj;H _~x;! 1 )--, "' -I" .. 
'K 
<J ... ., ... ') ,"I .. , .. 3L1·9 ~,o~·S ;'3 27.4 ,1I5· 2 ~n.! R 
.~ 
10 yio.(I ;1.17 8 :133. 1 1360.S 3·17.' 333.6 
11 ,'92 .<) 38r •. S :;flop ,i3lJ4. 0 37tj J .,6·1·9 
,. 
12 
·P7· 7 4 1 2.7 1~17.2 ~Il 0 3Q4· 1 
,. 
1,\ .jlill.2 .1-1 I.,'; ~59·11 ,142·5 ·P4· o 
,-
I': 
I.J ·1t,)2.5 474 8 492·4 474. 1 
15 524.6 50 ,'l.2 523.7 5"1\,2 
Iii 55·H 531 () 5S6 (I S,H·.' 
17 "Rti.CJ ShJ..t} 586•8 .'>1>.'\.<) 
IS fir 5.S .:;q:!.l 610.fi 5<),1 .. 1 
HJ (i·1 S :, h,q .. 'l Ii·li •. ' 
.!o ilih ,]. 648.J hih .() 
21 704.6 67 fi .6 706 . 1 
:/2 733 I 7"·1··1 73,1. 0 
23 762 .8 730 .2 762.~ 
24 792 .. 1 762 .1 790.1 
25 S17·5 1\16.4 
26 841.3 841.8 
27 864.4 





33 1014. 1 
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In Tables III, IV and V the values of the rotational term differences for the 
lower state 21I are shown. The combination defect is a measure of the 
;\.doubling. The progressive variation of this doubling with increasing rotation 
quantum 11l111lber is evident both in 2IIIl and 2n~ states. This variation is 
found to be in keeping with the theoretical prediction due to Van Vleck' for a 
band system representing an intermediate stage of coupling between Hund's Case 
(a) and Case (b). 
Plate A is all enlargement of the OD bands in the region between .\3000 and 
A~29u in which the positiolls of the band heads and of the brancbes are indicated. ' 
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TABLE III 
Combination Differences for "3105 
R (KJ- QJ (K)- n2 (K)- Q2(K)-
K 
Ql(K+li ['I:K+II Q2(K+li P2(R:+I) 
,~.- .-
.1 6 .5 .\.p 
.\7·2 
6J ·1 fi2·3 51.3 SO.1 
SI·S s·~·s i I .. \ 71.9 
'1 llS.l) ')<) ·1 Sl).J 90 .9 
.'i 117·7 I1S·5 1°9·5 II2·3 
6 l.lfil1 1,,6 .. , 1292 130 •0 
7 154·S IS4.S 141)·5 149·5 
S 1 ~., ~ I i~-4 16<).:; 170 .4 I."" 
q 
, 
i JQ3·n I~)O·7 IS6'{j 18fi·7 
JO ;!Jo.j 20j.:! .?o6.n z04. 6 
II .~.Vl.I 22S·0 '~26 . .'i 22,5.; 
U ~I()·t) ~ H·I 244,1\ 242.:--: 
13 2fiR.n ~~(i.2 .f> :.di::.2 260.6 
14 2'~~ .. 1 279. 1 28.\.<) ::8o.R 
I .~ 3 0 2··l 2[)5 ·1 29fi .6 ~1)7·2 
\() 
.lI9·n 313.6 .,17. 2 313. 6 
17 
.'139·2 .'130 ,4 ,'133·9 3.w8 
18 35·H ,\<I 6.!; 351.2 3.17.8 
19 3n.9 3114.2' 3iJ.h 364.(> 
20 389. 2 .,79·7 .,SR.o .~8I.() 
21 .)01»; 395. 2 ·1 n 3.R 397. 1 
22 422.9 410•6 ·P9·C) 41 2.7 
23 4.p.o 43~.8 1Jo~·7 429.0 
;q '1.~3·11 441.,\ -IS!.R 441.2 
25 
·173·4 ·lsfi.2 ·16S·7 ·!59·0 
~6 
·ISS.S .\69.6 ·IS2,.1 
·'72 ·S 
27 '199·.'i .18$ () _)<)8 .. 1 41'7. 2 
~8 516•1 498 ,() .'i13.S 50 1.6 
29 533.1 ;;13. 1 528.8 516.2 
3 0 550.0 526.3 543 .. 1 ;;28 'J 
31 562.9 537.8 S57·9 54 1,,1 
32 576.0 553.6 573·7 555·3 
33 586.0 ? 568.7 568 .0 
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TABLE: IV 
Combilwtioll Differen..:es for A 3 I 49 
Ql (KI- R2 (K)- Qa (KI-
P1'K+I) Qa(K+l) Pi(1{ t I' 
40 .6 29·3 
hi I 49. 0 
1'1.1 6nS 72 .3 
[)/).S 81·5 90 . 0 
11.,.S wh./) lOS." 
13"·7 125." 1249 
IS 1.3 142.11 1.J5··'1 
It)S.6 J62.1 Ih3·2 
185.6 181.!) IKl.h 
2n().,~ 2 0 3.2 zoo .. 1 
;2 H) 1 
.?2°·i :215·5 
236 7 23CJ 8 23.1 () 
253·1 :::!sr ,2 25.1 0 
271 
·1 2flt) 7 J.is·n 
2Sg.fj .?Sh i 28~.(j 
.101.3 3()7·7 Y>3 h 
321 .I 327 S 322 .. 1 
337·2 3 . .\" 8 337-1 
"S3:\ :;60.n 353.0 





CombilJation Differences for ,\ 3 !CIS 
L!t (KI- R 2 IKI- Q~ (K)·-
P1'K+I) ()2(K + J) P2(K+l' 
_._ .. _---- - . 
. 1.'.6 
.W·5 45.6 
78 S 7 J·3 tig·3 
95·,\ 86·5 85·3 
110·7 1°4'" 103.3 
130 .5 123.6 123·2 
148.0 139-'> 140 •0 
164.6 156 I 158 ,3 
179·9 178 .5 177·7 
197·9 190.~. 189.9 
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TABLE VI 
Catalogue and Classification of Observed I)nes 
3105 
Vac. lilt. Rl Ql PI Rz Q2 Pz 
....... --
*32 191.5 s ~ 
., 
1<)<>.4 (i 7. v ~ 
lSI}.'; I) .:::... 






1 83. 1 ,Id II 
1:i1.1 3d 
17S·S [() I.! 
176 .7 10 .i 
17 1 . 0 S 
169. 1 3 13 
166.S 8 
1 64.0 2 




* 144·2 ) 
143·4 ~ 10 bd 
140 •6 3 
* 132.1 16 
13°·5 lO I>d 101 1I 
129.0 9 
126.6 8 8, 12 
123·5 
,_"II 
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I .'" 
.. " . 
TABLJt VI (contd.) 
3105 
Vac. RI P2 
• 120.8 ~ .'i hd llg.l 
117·S S 17 ., 
111.3 .1 Ii 
JO,).<j Ii 




101.1 2 5, IS 
097·6 .3 IS 
095 2 7 4 
091.9 3 d Hi 
0885 3 ·1 
085. 1 10 
082:5 i bd 5 2 
080.0 6 19 
077. 1 5 17 




055·2 5 20 .3 
052.7 6 "'7 
044. 1 1 I\) 
• 042.0 ) ) to 041.1 
038.5 1 
035.6 10 8 
-.... "--... -------... -----~-'--~--. ,~-... --.,'.<-.---
·, .... 
~, ,;: 
03 1 .0 
022.1 
019.3 
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. ' .. '., ... 
TABl.1t Vl (~o.pt'd.) 
.... ~.( 
.J ,:-
\ \! ~~!.:~., "j 
• I 3105 ' . 3149 
I 
-
~ ~ :r', '" 
,j Rrl QV{.i'l.r~-,--l , ~~~.J~:~. l Rl I Ql I PI I Rs I 0,'" J:'Pt Qs I Pi "I:".:" . .I T---r-----·· .-----~__'_r_'~ ft. 
3J 506·3 '1 I 
,.' 1-5 34 I 
\ l 5u3·4 6 I I 24 '7 10 ,! I I I 499 i 3 I .- j 
I ! 496·9 8 23 22 4 
4932 2 ,..... 
490.9 5 Ii' 
488;0 4 25. 
484.7 S i --I 
I 
482.1 5 18 i 13 II 
479 ;! 6 I .1 I 
4Q7.7 8 -- I I 24 R 
464.6 2 I I ._-461.6 2 
-
12 
459.8 5 - 2.1 -', 14 
4.¢1.4 2 ." 
-
...:.. 6 
4439 4 IS \-
44J 5 2 
438.:1 8 26 13 
• 431 5 ~ .~9 9 711 
4:19·' 15 7 
417;. 2 
414·8 6 14 
'1" 
410.7 j' 3 26 
407.6 ·4 it 
4055 7 :.,,' 
40J·4 3, ~ - 8 
3954 5 l; ........ 19 16 10 
3873 ~ 27 15 
I 
379 0 :~ :10 
. ~.-.-... -~--... -.. -----.. -~ . ." ,-~ .. - .. ~ ..... ~--.. --
",t", 
'~. .. 
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, ',·,oIi':f ' -, 
., ,~ 
TAIJ1lt VI (contd.) 
, .! 
3149 
1'1 .1-;:-!-Q2 I P2 
.- 9 
3649 S i 17 
" 359.1 ~ 5 
.,56 .7 16 




341 •8 5 20 
:US 6 3 
3.B j I I .. - 28 
:\28 K . l I 
I 326.4 I 5 21 
318 .3 2 I i 
316.3 2 I .-
f 
I 
3147 ., I 




















3105 I 3195 
Vac. II:tl_!_.JI--,-_Pl-'_!..._)2_i_~~_ ~1--;~---Q2'r;2--1"'~II_ Ql [~~[~ 
312965 r 5,6 
293 6 4.9 
,,'';''. 
2915 6 21 18 3,8 
287. 1 ...... 9 ..,... 
279·8 5 10 
276.6 5 29 13 
270.8 2 22 II 
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TARLE VI (ccmtd.) 
3105 
Val'. ! Jllt.1 0 1 
__ . _____ ._1 _1_:~_._ .. L. 
266.6 3 
255·9 4 
250 .6 S 
5 
- 233·2 
23 1 .3 5 
227·7 :2 
222.1 
217 7 5 30 
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TABl,a VI (contd.) 
l .. 3105 ", • i 3149 '3 195 
-I~ntl·'~~~ll:;; r-~: j-r:z-- ["- ;;~ -r PI I ~~r;:-r~l- --;:-T-~i-I-'-;~ 
3 ----'-----,:---=l'-----r,-Vac 





















97 I ·9 3 
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TABI.K VI (contd.) 
-.. ~ _____ I_--. 3105 3149 I .3195 
Vat'. tnt~!_._.~~J_~~ ... _.I .. ~ Ps 01 PI I Q2 J P, I QI I PI I Q I P, 
-.------ ----.--~-.. ---
959·5 .3 14 
954.1 3 19 8 
946.7 I 10 
938.2 5 27 2f1 
935-7 3 34 
921 .7 7 9 
919·() 2 
906.6 II 
902·3 4 35 28 20 
897.0 3 
894·9 6 
888·3 3 10 
884. 1 3 21 
871.9 3 28 --





834.2 5 29 
826.2 :2 22 
"If 
818.6 6 
816.2 .. :2 12 
81:2·3 3 
804·2 3 29 
79t.4 3 22 
783.3 
775;2 13 
766·7 .f" 7 23 
763·5 •. 11 30 .- . 







".., .. , , 
;~,:" 
:".j',"'" \-./' 
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691 ,4 3 31 
6855 5 
67J.l 2 












540 .5 3 33 
518.0 4 
513.6 3 33 
492 •0 4 
463. 1 3 34 
4423 3 
436.0 3 34 
430 .2 4 
40 4. 2 4 
383.3 3 3S 
36 1.5 2 
355-4 3 3S 
3 
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ROTA1'IONAL CONSTANTS 
The combination differences set forth in the above tables have. led to the 
following rotational constants. As D, is of the order of 10-4 c~:"'l ,the cal· 
culated vaiues of these have been assumed in determining Bo. AU the values in 
the tab:e are expressed in cms- I . 
(I. I) (2, 2) I· (3, 3) 
B' 8·73 8.42 7·96 
B" 9.58 9Ao .:'~. 
9.08 
A 138·9 '~ 139 1 -140 •0 ; . 
Null Line ('n.l 
T 
32124.6 316g2·7 31 2445 
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